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Abstract. SHETRAN is a physically-based distributed mod-
elling system that gives detailed simulations in time and
space of water ﬂow and sediment and solute transport in river
catchments. Standard algorithms for the automatic genera-
tion of river channel networks from digital elevation data are
impossible to apply in SHETRAN and other similar models
becausetheriverchannelsareassumedtorunalongtheedges
of grid cells. In this work a new algorithm for the automatic
generation of a river channel network in SHETRAN is de-
scribed and its use in an example catchment demonstrated.
1 Introduction
There is a long history of research that has been carried on
the automatic generation of river networks from digital ele-
vation models (DEM’s) (Jenson and Domingue, 1988; Tar-
boton et al., 1991). There are three parts in a typical pro-
cedure (Grimaldi, 2010). Firstly, to remove the pits from
a DEM, secondly, to calculate the ﬂow directions for each
grid square and, thirdly, using the ﬂow directions to ex-
tract the river channel network. A number of algorithms ex-
ist for the removal of pits (Grimaldi et al., 2007) although
some can result in ﬂat areas which can cause problems when
generating river networks (Nardi et al., 2008). A consider-
able number of different methods exist for the calculation
of ﬂow directions; some of these are compared in Erskine
et al. (2006). In a single-direction algorithm the upstream
contributing area is calculated by considering that all the
ﬂow is transferred from one cell to its downslope neighbour,
whereas in multiple-direction algorithms the ﬂow can be por-
tioned to several neighbouring cells. The D8 (O’Callaghan
and Mark, 1984) method is a single ﬂow direction method
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in which each cell discharges into one of its eight neigh-
bours (4 sides and 4 vertices), the one located in the direc-
tion of steepest descent. The ρ8 method is also a single ﬂow
direction method which randomly assigns the direction of
ﬂow to the downslope neighbours with the probability pro-
portional to the slope. Multiple ﬂow methods include the
MD8 method (Quinn et al., 1991), DEMON (Costa-Cabral
and Burges, 1994), D∞ (Tarboton ,1997) and MD∞ (Seib-
ert and McGlynn, 2007). Multiple ﬂow methods appear to
generally produce better results (Erskine et al., 2006; Wilson
et al., 2007). The basic method to extract the river channel
network is then to use the ﬂow directions to calculate the
upstream contributing area for each grid square and then ini-
tialise a river channel when the upstream contributing area
is greater than a threshold value (Montgomery, 1993). How-
ever, automated methods are available for channel initiali-
sation (Tarboton et al., 1991; Lin et al., 2006). For exam-
ple, Tarboton et al. (1991) used a constant drop analysis for
the identiﬁcation of the channel initialisation threshold and
then the river channel network is extracted using a curvature-
based scheme (Tarboton and Ames, 2001).
Many hydrological models for water ﬂow in a river catch-
ment make use of the upstream contributing area and the au-
tomatic generation of the river channel network. In TOP-
MODEL (Quinn et al., 1991) the topographic index depends
on the upstream contributing area. ArcHydro (Maidment,
2002)isageospatialandtemporalmodelthatisbasedaround
the automatically generated river channel network, it is not
itself a simulation model but it supports hydrological simu-
lation models. Some lumped hydrological models split the
catchment into sub-catchments or response units and these
canbeautomaticallygeneratedinaGISusingtheabovetech-
niques, e.g. ArcGIS-SWAT (Olivera et al., 2006) and WAT-
FLOOD (Shaw et al., 2005). In some distributed hydrologi-
cal models the channels can be deﬁned using the above tech-
niques. For example, in Thales (Neumann et al., 2010) the
upstream contributing area is calculated using a D∞ method
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Fig. 1. Gais Gill Catchment, Upper Eden, Northern England.
(a) SHETRAN mesh (50m grid squares) (b) map of catchment.
and a channel is deﬁned if the upstream contributing area
is greater than a threshold value. In this case the entire
grid square is considered to be a channel element. How-
ever, in some physically based distributed models (PBDM’s),
e.g.SHETRAN(Ewenetal., 2000)andMIKESHE(Graham
and Butts, 2006), the channel runs along the edge of the grid
square. In these models the standard techniques used above
to generate a river channel network do not work This work
describes a new algorithm for the automatic generation of
river channel networks for a PBDM where the river channel
runsalongtheedgeofgridsquares. ItisbasedonSHETRAN
but could be applied to any similar model.
2 SHETRAN
SHETRAN (www.ceg.ncl.ac.uk/shetran) is a PBDM for wa-
ter ﬂow, sediment and solute transport in river catchments
(Ewen et al., 2000) which includes hydrological components
for simulating: rainfall interception by vegetation; evapora-
tion and transpiration; snowpack formation and snowmelt;
overland and channel ﬂow; variably saturated subsurface
ﬂow; and river/aquifer interactions. It solves the govern-
ing, physics-based, partial differential equations for ﬂow
and transport on a rectangular ﬁnite difference grid. Exam-
ples applications include: Birkinshaw and Webb (2010) and
Birkinshaw and Bathurst (2006).
The most convenient way of thinking about SHETRAN is
that it represents the catchment as a set of columns, with each
column divided into a stack of ﬁnite difference cells. The
lowercellscontain aquifer materials andgroundwater, higher
cells contain soil and soil water, and the uppermost cells
contain surface waters and the vegetation canopy. Figure 1a
shows the tops of the columns in plan view, and also shows
how the river channel network lies along the edges of the
surface ﬁnite difference cells. Setting-up the river channel
network has traditionally been carried out manually with the
data input into text ﬁles. This time consuming activity was
prone to error. For example, it was easy to deﬁne a catchment
in which the river network was not connected or a catchment
in which there was not a downward ﬂow pathway for wa-
ter in the river channel. A Graphical User Interface (GUI)
for SHETRAN has been developed (Birkinshaw et al., 2010)
and this allows a prototype simulation to be produced rapidly
giving a starting point for detailed work. A key part of the
GUI is the automatic generation of the river channel network
and this is described here.
3 River network generation
The procedure for the automatic generation of the river chan-
nel network in SHETRAN is different than typical approach
(a “grid network”), because the river channels ﬂow along
the edge of the grid squares (an “edge network”). A simple
method to produce the required “edge network” would be to
follow an edge (say the “right bank”) of the “grid network”
produced using a typical approach (Grimaldi, 2010). But
methods attempted following this approach produced chan-
nel networks that were not connected.
Therefore, the following procedure for the automatic gen-
eration of the river channel network in SHETRAN has
been developed. Initially this follows a typical approach
(Grimaldi, 2010): the pits in the DEM are removed, the
ﬂow directions are calculated and this gives an upstream con-
tributing area for each grid square, and a procedure for chan-
nel extraction is deﬁned (basic methods are used here and
these are discussed in detail below). Figure 2 shows a sim-
ple example on a 5 by 5 grid, and assumes that all the grid
cells are within the catchment and that the threshold value
for channel initialisation is 2 grid squares. The algorithm
proceeds as follows:
1. The lowest cell is assigned as the outlet. In Fig. 2a this
is cell (4,1) at 103m.
2. Remove DEM pits by increasing their elevation until
they are higher than one of their neighbours. There are
no pits in Fig. 2a.
3. Calculatetheﬂowdirectionsalongthesteepestdownhill
gradient(onlynorth-southandeast-westﬂowsallowed),
and use this to give the upstream contributing area for
each cell (Fig. 2b).
4. Use the results from 3 to calculate the upstream con-
tributing area for each grid corner, as the maximum seen
Hydrol. Earth Syst. Sci., 14, 1767–1771, 2010 www.hydrol-earth-syst-sci.net/14/1767/2010/S. J. Birkinshaw: Automatic river network generation 1769
Fig. 2. Automatic generation of river channel network for a 5 by 5 example. (a) DEM data (m), (b) upstream contributing area for each grid
cell, (c) upstream contributing area for each cell corner, (d) add ﬁrst channel, (e) add second channel, (f) add third channel.
in the cells that meet at the corner (Fig. 2c). The up-
stream contributing area in outlet corners (4,1) and (5,1)
are increased by one.
5. Systematically work through all the cells, starting from
the highest, initiating channels where appropriate. The
details of the approach are demonstrated in “a” to “c”
below and in Fig. 2b to 2f. For any cell, a river channel
is initiated if the upstream contributing area is greater
than or equal to the threshold value for channel initial-
isation. This channel is then followed downhill, from
corner to corner, taking the route of maximum upstream
contributing area, until the outlet or another river chan-
nel is reached.
(a) In Fig. 2b the ﬁrst river channel starts at cell (4,5)
with an elevation of 113m and an upstream con-
tributing area of 2. The channel (Fig. 2d) is located
along the side of the cell, starting at corner (5,6)
and going to corner (5,5) [the channel is located on
the eastern side of the cell rather than the western
side because the adjacent grid square has a lower
elevation, 125m at cell (5,5) compared to 126m at
cell (3,5)]. Of all the corners connected to (5,5) the
highestaccumulationisat(5,4), sothechannelgoes
to (5,4), and so an all the way to the outlet at (5,1).
(b) The next cell to initiate a channel is (2,4), with
an elevation of 112m and an upstream contribut-
ing area of 3 (Fig. 2e). The process proceeds as
before. To maximise the ﬂow accumulation, the
channel starts at corner (2,5) and goes to (2,4), then
(2,3), (3,3) and (4,3). It is now only one cell away
from the existing channel, Instead of following the
usual rule and going to (4,2), it goes to join the ex-
isting channel at (5,3). The maximum upstream
contributing area rule is here overridden by a rule
demanding maximum connectedness.
(c) The third and ﬁnal cell to initiate a channel is (3,2),
with an elevation of 105m and a ﬂow accumulation
of 2 (Fig. 2f). The channel starts at corner (3,2),
uses the maximum ﬂow accumulation rule to go to
(4,2), then uses the maximum connectedness rule
to go to (5,2).
The elevations and widths of the channels are calculated au-
tomatically. The elevations are calculated during the above
procedure by initially setting the base of the channel to be
a set distance below the lowest adjacent grid cell (user de-
ﬁned parameter) and then, if necessary, reducing it so that it
is lower than the upstream channel elevation (this procedure
is fairly simple as the algorithm traces the channel network
downstream, so it is easy locate the upstream channel and
test to see if it has a higher elevation). A rectangular channel
is assumed and the channel width is set as a function of the
upstream contributing area (Leopold and Maddock, 1953).
The network shown in Fig. 1a for the 1km2 Gais Gill
catchment, Upper Eden, Northern England was created us-
ing the above algorithm. A 50m DEM was used and 20 grid
squares (5ha) was deﬁned as the threshold value for chan-
nel initialisation. The derived network compares well with
the river line shown on the 1:50000 OS Map (Fig. 1b). The
procedure has been tried on over 30 other catchments (not
shown) and has produced connected river networks which al-
ways have a downward ﬂow pathway with the network very
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similar to those shown on maps. This has allowed prototype
simulations to be set-up and run very rapidly.
Although the procedure has to shown to be robust it can be
criticised in a number of ways. In stage 2 above a basic pro-
duce for pit removal is used. In this procedure elevations in a
pit are increased until it is higher than one of its four neigh-
bours. This can cause problems in large ﬂat areas. However,
due to the nature of the problems for which SHETRAN is
applied and due to run-time problems if a very small grid
sizes are used these large ﬂat areas are rarely encountered. In
stage 3 above, the ﬂow directions were calculated using the
D4 algorithm and this can make the results grid dependent
and subject to distortion. However, the ﬂow in SHETRAN
is restricted to its four neighbours (i.e. diagonal ﬂows are
impossible) and tests with D8 algorithms show they do not
work. Further tests using multiple direction D4 algorithms
are planned. In stage 5 the channel is initialised if the up-
stream contributing area is greater than a threshold value.
This is a widely used technique and if a suitable value is se-
lected this can give an appropriate channel network. How-
ever, the extracted network is still spatially uniform. So,
further tests using a curvature-based scheme (Tarboton and
Ames, 2001) are also planned. In all these cases the algo-
rithm speciﬁed above only produces prototype simulations
(but the important point is that it is one in which the river
channel network is always connected and with channel ele-
vations that give a downwards ﬂow pathway) and if the user
is unhappy with the network produced these can be modiﬁed
manually.
Theoretically the algorithm can be used for a DEM with
any size and number of grid squares (unless the size of the
grid squares in the DEM is so small and the catchment so
large that the width of the river channels becomes larger than
the size of the DEM). However, from a practical viewpoint
the number of grid squares (and their corresponding size)
needs to appropriate for SHETRAN as it is limited by the
run time within SHETRAN. The maximum number of grid
squares used in SHETRAN is a 200 by 200 grid. However,
typically a 50 by 50 grid is used, with a one year simulation
on a modern PC taking about 5min.
4 Conclusions
SHETRAN is a powerful tool for studying hydrological and
environmental impacts associated with land-use and climate
change and land erosion and pollution. However, it has been
difﬁcult and time consuming to set-up for new catchments,
the main problem being the production of the data set con-
taining the river channel network and its elevations. This
workhasbeenperformedtomakeiteasiertouseSHETRAN,
a limited version of which can be freely downloaded at
www.ceg.ncl.ac.uk/shetran. Using standard algorithms for
the automatic generation of the river channel network has
been impossible, as the river channels in SHETRAN run
along the edge of the grid squares. A new algorithm has been
described here which is suitable for SHETRAN and other hy-
drological models where the channels run along the edge of
the grid squares. The algorithm has been shown to work well
for the 1km2 Gais Gill catchment, Upper Eden, Northern
England producing a similar river channel network to that
seen on the OS map.
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